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A planar combined structure of a bipolar junction transistor 
(BJT) and n-type/p-type metal semiconductor ?eld-effect 
transistors (MESFETs) and a method for forming the struc 
ture. The n-type GaN MESFET is formed at the same time 
When an inversion region (an emitter region) of the GaN BJT 
is formed by an ion implantation or impurity diffusion 
method by using a particular mask design, While a p-type 
GaN region is at the same time is formed as the p-type GaN 
MESFET. Namely, the n-type channel of the n-type MESFET 
is formed by the ion implantation or impurity diffusion 
method When the BJT is formed With the same ion implanta 
tion or impurity diffusion method performed, While a region 
of the p-type GaN Without being subject to the ion implanta 
tion or impurity diffusion method is formed as the p-type 
MESFET. As such, the BJT is formed currently With the 
n-type/p-type MESFETs on the same GaN crystal groWth 

20, 2007. layer as a planar structure. 
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growing a GaN crystal growth layer having a p-n 
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forming an emitter well region of the BJT and a 
channel region of the n-type MESFET 
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PLANAR COMBINED STRUCTURE OF A 
BIPOLAR JUNCTION TRANSISTOR AND 

N-TYPE/P-TYPE METAL SEMICONDUCTOR 
FIELD-EFFEC T TRANSISTORS AND 
METHOD FOR FORMING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a technology of 
forming a bipolar junction transistor (BIT) and n-type/p-type 
metal-semiconductor ?eld effect transistors (MESFETs) con 
currently as a planar structure on the same gallium nitride 

(GaN) crystal growth layer. 
[0003] 2. RelatedArt 
[0004] As shoWn in FIG. 1, a conventional planar structured 
gallium nitride (GaN) bipolar junction transistor (BIT) com 
prises a semi-insulating substrate for crystal groWth 107, a 
collector layer 103, a base layer 102, a collector metal elec 
trode 105, a base metal electrode 106, a GaN emitter region 
101 and a collector contact Well region 104 of an n-type GaN 
inverted from a p-type GaN formed by ion implantation or 
impurity diffusion technology. Generally, the provision of the 
planar structure of the GaN BIT has the advantage that 
another device may be fabricated and thus combined With the 
GaN BIT on the same horizontal base. MeanWhile, the GaN 
material can be prevented from a high contact resistance of 
the base metal after a dry etching process is applied thereto. 

1. Field of Invention 

SUMMARY OF THE INVENTION 

[0005] In vieW of the disadvantages discussed above With 
respect to the conventional planar combined structure of the 
gallium nitride (GaN) bipolar junction transistor (BIT) and 
the n-type/ p -type metal-semiconductor ?eld effect transistors 
(MESFETs), Where the BIT and n-type/p-type MESFETs are 
separately formed by using different processes, the present 
invention discloses a neW planar combined structure of the 
BIT and n-type/p-type MESFETs and a method for forming 
such planar combined structure. 

[0006] In accordance With the present invention, in the 
planar combined structure, the n-type GaN MESFET is 
formed at the same time When the GaN BIT is formed by an 
ion implantation or impurity diffusion method by using a 
particular mask design. By means of the mask design, it is 
possible to implant ions or diffuse impurity into a channel 
region of the n-type MESFET at the same time When ions are 
implanted or diffused With respect to an n-type inversion 
region of the GaN BIT, so that a p-type GaN inversion region 
of the MESFET is inverted into an n-type channel of the 
n-type MESFET. Namely, the n-type channel of the n-type 
MESFET is formed by the ion implantation or impurity dif 
fusion method When the BIT is formed With the same ion 
implantation or impurity diffusion method performed, While 
a region of the p-type GaN Without being subject to the ion 
implantation or impurity diffusion method is formed as the 
p-type MESFET. As such, the BIT is formed currently With 
the n-type/p-type MESFETs on the same GaN crystal groWth 
layer as a planar structure. With this process performed, e?i 
ciency and cost for fabrication of the planar combined struc 
ture can be enhanced and loWered, respectively, Which makes 
a signi?cant improvement, compared With the prior art. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a cross sectional vieW of a conventional 
gallium nitride (GaN) bipolar junction transistor (BIT); 
[0008] FIG. 2 is a cross sectional vieW of a planar combined 
structure of a GaN BIT and a n-type/p-type metal semicon 
ductor ?eld effect transistor (MESFET); 
[0009] FIG. 3A through 3H are cross sectional vieWs ofthe 
planar combined structure shoWn in FIG. 2 formed at stages 
of a manufacturing process thereof for illustration of respec 
tive steps of the manufacturing process; and 
[0010] FIG. 4 is a ?owchart for illustrating the manufactur 
ing process corresponding to the structures shoWn in FIG. 3A 
through FIG. 3H. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] In accordance With the present invention, an n-type 
channel region 2011) of an n-type metal semiconductor ?eld 
effect transistor (MESFET) is formed concurrently When an 
emitter Well region 20111 of a gallium nitride (GaN) bipolar 
junction transistor (BIT) is formed by means of a particular 
mask design. And the BIT and the n-type MESFET are 
intended to be formed on the same horizontal base. As shoWn 
in FIG. 2, a planar combined structure of this invention com 
prises a substrate 209 for crystal groWth, an emitter Well 
region 201a, an n-type channel region 2011) of an n-type 
MESFET and a collector contact Well region 202 of the GaN 
BIT. A collector layer 203a serves as a substrate layer 2031) of 
the n-type MESFET and also as a buried layer 2030 of the 
p-type MESFET. A base layer 204a ofthe GaN BIT serves as 
a buried layer 2041) of the n-type MESFET and also as a 
channel layer 2040 of the p-type MESFET. A base metal 
electrode 205a serves as a source metal electrode and a drain 

metal electrode 205!) of the p-type MESFET. An emitter 
metal electrode and a collector metal electrode 20611 of the 
BIT are used concurrently as a source metal electrode and a 

drain metal electrode 206!) of the n-type MESFET, respec 
tively. A gate Schottky metal electrode 207 of the n-type 
MESFET and a gate Schottky metal electrode 208 of the 
p-type MESFET are formed separately. In the planar com 
bined structure, the p-type MESFET is also intended to be 
formed on the same horizontal base With respect to the GaN 
BIT and the n-type MESFET. 
[0012] Speci?cally, the planar combined structure of the 
gallium nitride (GaN) bipolar junction transistor (BIT) and 
the n-type/p-type metal semiconductor ?eld effect transistors 
(MESFETs) of the present invention comprises the folloWing 
components: the substrate 209 for crystal groWth, the GaN 
BIT, n-type MESFET formed on the substrate 209 for crystal 
groWth and the p-type MESFET formed on the substrate 209 
for crystal groWth. 
[0013] The GaN BIT comprises a loW doped n-type collec 
tor layer 203a formed on the substrate 209 for crystal groWth; 
a high doped p-type base layer 204a formed on the loW doped 
collector layer 20311; a high doped n-type emitter Well region 
201a formed Within the high doped p-type based layer 20411; 
a high doped n-type collector contact Well region 202 formed 
Within the high doped p-type base layer 204a; and an emitter 
metal electrode 20611, a base metal electrode 205a and a 
collector metal electrode 206a formed on the emitter Well 
region 20111, the base layer 204a and the collector contact 
Well region 202, respectively. 
[0014] The n-type MESFET formed on the substrate 209 
for crystal groWth comprises a loW doped n-type substrate 
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layer 203!) formed on the substrate 209 for crystal growth; a 
high doped p-type buried layer 204!) formed on the loW doped 
substrate layer 2031); a high doped n-type channel region 
201!) formed With the high doped p-type buried layer 2041); 
and a gate Schottky metal electrode 207, a drain metal elec 
trode 20619 and a source metal 206!) formed on the high doped 
n-type channel region 2101). 
[0015] The p-type MESFET formed on the substrate 209 
for crystal groWth layer comprises a loW doped n-type buried 
layer 2030 formed on the substrate 209; a high doped p-type 
channel layer 2040 formed on the loW doped n-type buried 
layer 2030; and a gate Schottky metal electrode 208, a drain 
metal electrode 205!) and a source metal electrode 205!) 
formed on the high doped p-type channel layer 2040. 
[0016] In the planar combined structure, the n-type layers 
203 and p-type layer 204 are currently formed by a molecular 
beam epitaxy (MBE) method or a metal-organic vapor phase 
epitaxy (MOVPE) method, as shoWn in FIG. 3. 
[0017] In the planar combined structure, the substrate 209 
for crystal groWth is made of one selected from the group 
consisting of A1203, SiC, ZnO, Si, GaN, AlxGal_xN, InxGa1_ 
;N and InxAlyGa1_x_yN, Wherein Oéxél and Oéyé l. 
[0018] In the planar combined structure, the substrate 209 
is made of one selected from the group consisting of SiC, 
ZnO, GaN, AlxGal_xN, InxGal_xN and InxAlyGa1_x_yN 
Wherein Oéxél and Oéyél. 
[0019] In the planar combined structure, each of the GaN 
BIT and n-type and p-type MESFETs is made of one selected 
from the group consisting of SiC, ZnO, GaN, AlxGal_xN, 
IrrCGa l_,€N and InxAlyGal _x_yN, Wherein Oéxél and 02y; l . 
[0020] In the planar combined structure, each of the emit 
ter, the collector contact Well region 202 and the channel 
region 2040 is formed by the ion implantation method or the 
impurity diffusion method. 
[0021] In the planar combined structure, each of the emitter 
metal electrode 20611, the base metal electrode 20511, the 
collector metal electrode 20611, the gate Schottky metal elec 
trodes 207, 208, the source metal electrode and drain metal 
electrode 205!) is made of one selected from the group con 
sisting of Au, Pt/Ti/Pt/Au, Ti/Al/Ti/Au, Ti/Au, Cr/Au, Pd/Au, 
Ti/Pd/Au, Pd/Ti/Au, Cr, Pt/Au, Ni/Au, Ta/ Ti, Ti/Pt/Au, Ti/Cr/ 
Au and Pt/Ru. 
[0022] In the planar combined structure, the GaN BIT and 
n-type/p-type MESFETs are formed on the substrate 209 
concurrently. 
[0023] Herein beloW, a method for forming a planar com 
bined structure of the gallium nitride (GaN) bipolar junction 
transistor (BIT) and n-type/p-type metal semiconductor ?eld 
effect transistors (MESFETs) according to the present inven 
tion Will be described With reference FIG. 3a through FIG. 3h 
and FIG. 4, in Which FIG. 3A through 3H are cross sectional 
vieWs of the planar combined structure shoWn in FIG. 2 
formed at stages of a manufacturing process thereof for illus 
tration of respective steps of the manufacturing process, and 
FIG. 4 is a ?owchart for illustrating the manufacturing pro 
cess corresponding to the structures shoWn in FIG. 3A 
through FIG. 3H. The method comprises the folloWing steps. 
At ?rst, groWing a GaN crystal groWth layer having a p-n 
junction by forming a GaN substrate for crystal groWth hav 
ing an n-type layer and a p-type layer (Step a). The GaN 
crystal groWth layer comprises a substrate 209 for crystal 
groWth, an n-type layer 203 and a p-type layer 204. The n-type 
layer 203 comprises a collector layer 20311, a substrate layer 
2031) of the n-type MESFET and a buried layer 2030 of the 
p-type MESFET as shoWn in FIG. 3b. The p-type layer 204 
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comprises a base layer 20411 of the GaN BIT, a buried layer 
2041) of the n-type MESFET and a channel layer 2040 of the 
p-type MESFET. 
[0024] Next, forming a collector layer 20311 of the GaN 
BIT, a substrate layer 2031) of an n-type MESFET, a buried 
layer 2030 ofa p-type MESFET, a base layer 204a ofthe GaN 
BIT, a buried layer 2041) of the n-type MESFET and a channel 
layer 2040 of the p-type MESFET on the crystal groWth 
substrate 209 (Step b). 
[0025] Then, forming a collector contact Well region 202 of 
the BIT by using the ion implantation or impurity diffusion 
method (Step c). At the same time, forming an emitter Well 
region 20111 of the BIT and a channel region 2011) of the 
n-type MESFET concurrently by also using the ion implan 
tation or impurity diffusion method (Step d). BetWeen Steps 
c and d, a step of activating the emitter contact Well 20111 of 
the BIT and the channel region 2011) of the n-type MESFET 
concurrently by providing a high temperature may be pro 
vided. Thereafter, forming a base metal electrode 20511 of the 
BIT and a drain metal electrode and a source metal electrode 
205!) of the p-type MESFET concurrently (Step e). 
[0026] Then, forming an emitter metal electrode and a col 
lector metal electrode 20611 of the BIT and a drain metal 
electrode and a source metal electrode 206!) of the n-type 
MESFET concurrently (Step f). 
[0027] Then, forming a ?rst gate Schottky metal electrode 
207 on the n-type MESFET (Step g). 
[0028] Finally, forming a second gate Schottky metal elec 
trode 208 on the p-type MESFET (Step h). 
[0029] As such, the formation of the planar combined struc 
ture of the BIT and n-type/p-type MESFETs is completed. 

1-8. (canceled) 
9. A method for forming a planar combined structure of a 

gallium nitride (GaN) bipolar junction transistor (BIT) and 
n-type/p-type metal semiconductor ?eld effect transistors 
(MESFETs), comprising the steps of: 

(a) groWing a GaN crystal groWth layer having a p-n junc 
tion by forming a GaN substrate for crystal groWth hav 
ing an n-type layer and a p-type layer; 

(b) forming a collector layer of the GaN BIT, a substrate 
layer of an n-type MESFET, a buried layer of a p-type 
MESFET, a base layer of the GaN BIT, a buried layer of 
the n-type MESFET and a channel layer of the p-type 
MESFET; 

(c) forming a collector Well region of the BIT, and a col 
lector Well region of the BIT and a channel region of the 
n-type MESFET concurrently by using one of an ion 
implantation method and an impurity diffusion method; 

(d) forming a base metal electrode of the BIT and a drain 
metal electrode and a source metal electrode of the 
p-type MESFET concurrently; 

(e) forming an emitter metal electrode and a collector metal 
electrode of the BIT and a drain metal electrode and a 
source metal electrode of the n-type MESFET concur 
rently; 

(f) forming a ?rst gate Schottky metal electrode on the 
n-type MESFET; and 

(g) forming a second gate Schottky metal electrode on the 
p-type MESFET. 

10. The method as claimed in claim 9, further comprising 
a step, betWeen the steps (c) and (d), of activating the collector 
contact Well of the BIT and the emitter Well region/channel 
region of the n-type MESFET concurrently or separately by 
providing a high temperature. 

* * * * * 


